Abstract: BACKGROUND: Published reference values for echocardiographic measurements of rightheart dimensions and function do not stratify for gender and body size. The aim of this study was therefore to assess the impact of gender and biometric characteristics on right-heart dimensions and function. METHODS: From the echocardiography database at a tertiary care center, 1,625 subjects (mean age, 44 ± 14 years; 47% men) with normal echocardiographic findings between 2000 and 2009 were identified. Gender differences and association with body surface area were assessed retrospectively for right atrial long-axis and short-axis dimensions, right ventricular short-axis dimension, end-diastolic and end-systolic right ventricular area, right ventricular fractional area change, and tricuspid annular plane systolic excursion. The impact of normal values stratified for gender and body surface area was tested in 24 patients with moderate-sized to large atrial septal defects. RESULTS: All dimensional rightheart measurements were significantly lower in women. Differences became smaller when measurements were indexed for body surface area, but significant differences persisted, particularly for right ventricular end-diastolic area (7.9 ± 1.6 vs 8.7 ± 1.8 cm(2)/m(2), P < .001) and right ventricular end-systolic area (4.0 ± 1.2 vs 4.7 ± 1.4 cm(2)/m(2), P < .001). Fractional area change and tricuspid annular plane systolic excursion indexed to body surface area were significantly higher in women (50 ± 7% vs 46 ± 9% and 14 ± 3 vs 12 ± 2 mm/m(2), respectively, P < .001 for both comparisons). The use of upper reference ranges for end-diastolic right ventricular area stratified for gender and body surface area improved the detection of enlarged right ventricles in patients with moderate-sized to large atrial septal defects (92% vs 54%, P < .007). CONCLUSIONS: Gender and body surface area are important determinants of right ventricular dimensions and systolic function as measured on two-dimensional echocardiography. The investigators thus propose the use of measurements indexed to body surface area, with upper and lower reference ranges stratified for gender. 
Methods:
From the echocardiography database at a tertiary care center 1625 subjects (mean age 44 ± 14 years, 47% males) with normal studies between 2000 and 2009 were identified. Gender differences and association with body surface area were assessed retrospectively for right atrial long-and short-axis dimensions, right ventricular short axis dimension, enddiastolic and endsystolic right ventricular area, right ventricular fractional area change (FAC) and tricuspid annular plane systolic excursion (TAPSE). The impact of normal values stratified for gender and body surface area was tested in 24 patients with moderatelarge atrial septal defects.
Results: All dimensional right heart measurements were significantly lower in female subjects. Differences became smaller when measurements were indexed for body-surface area but significant differences persisted particularly for right ventricular enddiastolic area surface area were significantly higher in female subjects (50 ± 7 % versus 46 ± 9 % and 14 ± 3 mm/m 2 versus 12 ± 2 mm/m 2 respectively, p<0.001 for both comparisons). The use of upper reference ranges for enddiastolic right ventricular area stratified for gender and body surface area improved the detection of enlarged right ventricles in patients with moderatelarge atrial septal defects (92% versus 54%, p < 0.007).
Conclusion:
Gender and body surface area are important determinants of right ventricular dimensions and systolic function as measured on 2-dimensional echocardiography. We thus propose to use measurements indexed to body surface area, with upper and lower reference ranges stratified for gender. The aim of this study was to determine the impact of age, gender and biometric data such as height, weight and body surface area on commonly used measures of right heart dimensions and function.
Methods

Study population
Patients were identified from the echocardiography database of a tertiary care center. In this database, for each patient the indication for the study, measured height, weight and a predefined set of echocardiographic measurements are recorded. For patients with a structurally and functionally normal heart the study is coded as 'normal' by a staff cardiologist.
The criteria for classification of an echocardiographic study as 'normal' are: Sinus rhythm, absence of structural abnormalities, presence of none or minimal valvar regurgitation, no 
Statistical analysis
Statistical analysis was performed using SPSS version 19.0 (SPSS, Inc., Chicago, IL).
Descriptive data for continuous variables are presented as means ± SD and dichotomous variables as percentages. Histograms were used to confirm normal distribution of continuous variables. For comparison between groups, Student's t-test was used. Pearson-correlation analysis was used to assess associations between right heart dimensional and functional measurements, age and biometric data. Lower and upper limits of normal were defined as mean ± 2 standard deviations. (11) A p-value of < 0.05 (two-sided) was considered to be significant.
Results
Study population
From a total of 46'367 echocardiograms in adult patients performed between 2000
and 2009, in 2743 (6%) the studies were coded as 'normal'. Of these subjects, 1118 were excluded from the current analysis because of potentially confounding preexisting disease.
Reasons for exclusion were: Coronary artery disease in 168, lung disease in 97, connective 6/18 tissue disorders in 211, inherited myopathies in 16, infection with the human immunedeficiency-virus in 20 subjects, studies performed in patients in the intensive care unit in 201 cases, acute leukemia or lymphoma in 278 subjects, known anemia in 66 cases and 61 studies in women who were pregnant.
The remaining 1625 subjects (47% males, mean age 44 ± 14 years, range 18-92 years) were analyzed for the purpose of this study. Mean height was 171 ± 10 cm, mean weight was 72 ± 15 kg and mean body surface area was 1.84 ± 0.22 m 2 . Indications for echocardiograms in these subjects are shown in Table 1 . Not every measurement was available in every patient. Table 2 illustrates the number of available measurement for each of the analyzed echocardiographic parameters ranging from 70% (right heart enddiastolic area) to 92% (right atrial long axis dimension), and the corresponding averages of age and biometric parameters for these groups.
Correlation of right heart measurements with age
There was no statistically significant correlation between age and right ventricular systolic function (FAC and TAPSE), right atrial short axis dimension, right ventricular short axis dimension and right ventricular systolic area (r = -0.05 -0.01; p > 0.1 for all). There was a weak, although statistically significant, positive correlation between age and right atrial long axis dimension and a weak negative correlation between age and right ventricular enddiastolic area (r = 0.09 and -0.09 respectively, p = 0.001 and 0.004 respectively) (see Figure 2 ). These weak correlations are not of clinical importance.
Gender differences in right heart dimensions and function
Right atrial and right ventricular dimensions were all significantly larger in males, whereas FAC was significantly higher in women and no statistically significant difference was found for TAPSE. Figure 3 illustrates gender differences for these measurements. The most striking differences were found for measurements of right ventricular enddiastolic and A moderate correlation for all dimensional right heart measurements with all biometric characteristics was found, with the strongest correlations for body surface area (see Table 3 , Figure 4 ). Correlation of TAPSE and FAC with biometric data was relatively weak (see Table   3 , Figure 4 ).
To demonstrate the potential clinical significance of correlations of dimensional right heart measurements with biometric data, Figure 5 demonstrates the differences for all dimensional right heart measurements between subjects in the lowest and the highest quartile of body surface areas.
Gender differences for right heart dimensions and function when normalized to body surface area
When right heart dimensions were normalized to body surface area, right atrial short axis and right ventricular short axis dimensions were no longer significantly different between genders. However, even when normalized for body surface area, a significant difference persisted for right atrial long axis dimensions and particularly for measurements of enddiastolic and endsystolic right ventricular areas on 4-chamber view (see Table 4 ).
Although the differences between genders become smaller when values are indexed for body surface area, average differences between genders were still 6-18%. Interestingly, indexed TAPSE became significantly higher in female subjects, which fits with the 8/18 observation that FAC, another parameter of systolic right ventricular function was significantly higher in female subjects.
Reference ranges for measurements of right ventricular dimensions and systolic function normalized to body surface area and stratified for gender
As suggested in published guidelines, reference ranges for upper and lower limits of normal are defined as mean values ± 2 standard deviations. (11) Based on the results of this study, Table 5 summarizes mean values for right heart measurements indexed to body surface area with reference values stratified for gender.
Impact of indexed reference values on detection of enlarged right ventricles in a group of adults with moderate to large sized atrial septal defects
The group of 24 patients (38% males) with moderate to large atrial septal defects The present study demonstrates that there are important gender differences for many of these echocardiographic measurements. These differences are mainly driven by different biometric characteristics between men and women. However, even after normalization of measurements for body surface area, statistically significant gender differences for right heart dimensions and systolic function persist. In agreement with the present findings, studies defining gender-specific normal values for the right heart using cardiovascular 
Limitations
Some of the differences between genders are relatively small when measurements are indexed to body surface area. Furthermore, the variance within measurements (technical variability, intra-and inter-observer variability) may exceed these differences in daily practice.
Despite a predefined protocol for echocardiographic measurements at our institution, the 11/18 analysis of the data was retrospective. Given the retrospective nature of the analysis, intraand inter-observer variability for the analyzed measurements has not been assessed. Indeed, only few studies have addressed intra-and inter-observer variability of conventional right heart measurements. In one study of patients with end-stage lung disease, intra-and interobserver variability for right ventricular dimensions was tested. Variability was defined as the average percentage difference of the 2 measurements. (21) Mean intra-and interobserver variability for right ventricular enddiastolic area was 2.9% ± 0.8% and 3.6% ± 1.9% and variability for right ventricular endsystolic area was 3.3 ± 1.3% and 4.1% ± 2.1%.
Right ventricular short axis dimension showed a larger intra-and interobserver variability of 10.4% ± 11.7% and 11.7% ± 10.7%. Another study using an echocardiographic model based on enddiastolic right ventricular enddiastolic area for estimation of right ventricular enddiastolic volumes in patients with repaired tetralogy of Fallot found comparable intra-and interobserver variability for echocardiography and magnetic resonance imaging. (22) To minimize variability a strict institutional protocol for image acquisition and conventions for measurement of right heart dimensions are important for the reproducibility of these measurements. Whether the observed differences of 6-18% between genders for these measurements may have a clinical impact needs to be determined in clinical outcome studies.
The study cohort did, for most, not consist of normal healthy subjects but of patients referred for echocardiography for clinical purposes. To address this potential limitation patients with potentially confounding underlying diseases were excluded.
Although most patients were Caucasians, there is no exact data on racial background and thus these results may not be generalizable to patient groups with other ethnicities.
Other results indicate no difference between young blacks and whites, but a significant lower right ventricular dimensions of Chinese individuals compared to Caucasians, even after adjusting for body surface area. (18, 23) Only subjects, whose echocardiograms were judged 'normal' by one of the staff cardiologists, were included. It may be that normal subjects with 'large' right atrial or right 12/18 ventricular chambers were judged 'abnormal' by some of these cardiologists and thus there may be a bias towards smaller normal values for right heart dimensions in this study.
Conclusion
Gender and body surface area are important determinants of right ventricular dimensions and systolic function as measured on 2-dimensional echocardiography. We thus propose to use measurements indexed to body surface area, with upper and lower reference ranges stratified for gender.
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Figure legends Table 3 : Correlations between echocardiographic right heart measurements and biometric parameters Table 4 : Gender differences when echocardiographic measurements are indexed to body surface area Table 5 : Reference values for right heart measurement with and without stratifying for gender and for body surface area *right ventricular fractional area change is the ratio between 2 absolute measurements; we do not propose to normalize this measurement for body surface area.
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